Variable Toll Pricing Program, Lee County, Florida

Revealed Preference Telephone Survey Findings
Ashley Yelds and Mark Burris remain unchanged. As of August 1999, over 60,000 transponders had been issued, with over 25,000 drivers maintaining a credit balance on their account permitting electronic toll payment. Approximately 23 percent of all daily toll plaza transactions are conducted electronically and are eligible for the variable pricing program discounted tolls.
Lee County is located along Florida's southwest coast. It has a population of 400,000 citizens, the majority of whom reside in or near the cities of Cape Coral and Fort Myers. These two cities are separated by the Caloosahatchee River (see Figure 1 ). The majority of employment is in Fort Myers and, therefore, the four bridges connecting Cape Coral to Fort Myers accommodate a great deal of the commuter traffic in the county. Two of these bridges, the Cape Coral and Midpoint, are tolled, and variable pricing was implemented on these two bridges only.
A number of factors interrelate to make the findings of this study particularly valid. As two of the river crossings are free bridges and two are variably-priced toll bridges, a control measure exists for comparison of behavioral changes exhibited on the toll bridges. Additionally, Lee County does not suffer from severe congestion. Therefore, any changes resulting from variable pricing will be likely due to economic factors and not to congestion. Latent demand will not distort the changes in traffic flows.
To be eligible for the time-of-day discount, a driver must have a transponder and a LeeWay PrePay account. These drivers are classified as eligible users of variable pricing. Transponders are pocketsized radio frequency transmitting devices that are affixed to the windshield of the drivers' vehicle and that facilitate electronic payment of tolls. LeeWay PrePay accounts are transponder accounts with a credit balance from which the tolls are debited. Drivers changing any of their travel behaviors to benefit from the discounted tolls are considered to be participating in variable pricing. Not all drivers have a transponder, and due to unique historical toll collection methods, not all transponder holders maintain PrePay accounts. These drivers form a control group (ineligible users) whose behavior can be observed and compared with that of variable pricing participants.
The study seeks to determine what changes drivers make when the relative cost of peak hour driving increases. The implementation of lower toll prices in the time periods on either side of typical peak travel demand periods aims to reward drivers for modifying their travel times rather than punishing them for traveling at peak times. The results from this study can be expected to be applied to either approach, as an estimation will be made of the extent to which drivers shift their travel times to take advantage of the toll discounts. The effective monitoring of this program and the ability to vary toll prices by time of day is made possible by the electronic toll collection system known locally as LeeWay.
Center for Urban Transportation Research, University of South Florida, 4202 E. Fowler Avenue, CUT 100, Tampa, FL 33620.
Variable time-of-day toll pricing was introduced in Lee County, Florida, in August 1998, on two of the area's five bridges. Discounted tolls were offered to drivers with transponders (required for electronic toll collection) traveling in time periods just before and after typical peak demand travel periods. A telephone survey of 400 Lee County residents was conducted in late 1998. This survey was designed to collect information on driver travel behavior and determine participation levels in the variable pricing program. The survey found that the true participation level in the variable pricing program is in the range of 2.25 percent to 9.25 percent of survey respondents. The survey also examined potential adverse effects of changes in toll prices (induced demand, changes in mode of travel); perceptions of inequity by those unable to benefit from time-ofday toll pricing; and the socioeconomic characteristics of variable pricing participants. Eligibility for the discounted tolls was restricted to only those drivers who pay their tolls electronically. Participants and nonparticipants in the variable pricing program appear to differ by type of employment and household type. Those stating they do participate in variable pricing were less likely to be employed full time than those who do not participate. Differences were also found in the primary trip purposes of participants and nonparticipants. Commuters and drivers on work-related travel were less likely to participate in the program. It can be inferred that those with flexibility in their travel plans can, and do, change their travel to take advantage of the variably priced tolls.
Managing traffic congestion is an increasing concern in urban areas worldwide. Traditional methods of addressing congestion concerns have centered on increasing the capacity of the roadway system, usually by building more roads or widening existing facilities. However, such approaches do nothing to mitigate demand for travel in peak periods. Variable pricing is a concept already applied to numerous industries and services, from airline travel and telephone service to early-bird restaurant specials. Variable pricing as applied to roadways is a means to reduce peak period travel demand and manage congestion.
Variable pricing was introduced on August 3, 1998, on two toll bridges in Lee County, Florida. Toll discounts are offered to drivers traveling at times just before and just after the traditional peaks, encouraging traditional peak period travelers to switch their travel times to off-peak periods. Bridge travelers using a transponder and paying tolls electronically can now receive a 50 percent discount on their toll by traveling during these specific discount periods: 6:30 a.m. to 7:00 a.m., 9:00 a.m. to 11:00 a.m., 2:00 p.m. to 4:00 p.m., and 6:30 p.m. to 7:00 p.m. Tolls for the peak period and other periods
HYPOTHESIS
A telephone survey collected responses from 400 Lee County residents who stated they used one or more of the area bridges at least three times a week. Eligible and ineligible patrons were asked a series of questions to reveal past and present travel behaviors with regards to time of day, frequency of trips, and mode of travel.
Two hypotheses might be tested. It can be hypothesized that variable pricing has had no significant effect on the travel behavior of either group of eligible or ineligible bridge patrons. If variable pricing is working as expected, the authors will accept this hypothesis for ineligible patrons but will be forced to reject this hypothesis for eligible patrons (indicating there has been a significant change). Statistical tests for differences in socioeconomic and commute characteristics between variable pricing participants and nonparticipants were performed. These tests include the chi-squared test and the Kruskal-Wallis analysis of variance (ANOVA). Characteristics in which differences are found are likely candidates for predictors in modeling driver responses to variable pricing. Further analysis in the form of joint tests of statistical significance and logit modeling, not the subject of this paper, can be undertaken to determine the extent of the predictive ability of these factors. Accordingly, this study forms the basis for modeling of driver behavior in response to variations in toll pricing.
DATA COLLECTION EFFORT
A random-digit-dialed telephone survey of 400 Lee County residents was conducted between November 30 and December 5, 1998. Respondents were screened to be those who regularly used one of the area bridges at least three times a week, and who were resident in one of a number of certain zip codes in Fort Myers and Cape Coral.
The impact of variable pricing was unknown at the time the telephone survey was developed. Subsequent analysis of data collected from the toll plazas determined that between 5 and 10 percent of eligible toll-bridge traffic moved out of the peak periods. Researchers expected that a total of 400 responses would provide significant insight into the behaviors of area drivers. Researchers did not expect that the survey would provide data sets for every aspect of travel behavior, or that all data subsets could be tested at a statistically meaningful level. The survey results do provide, however, a worthwhile estimation of those drivers who have changed at least one aspect of their travel behavior in response to the implementation of variably-priced tolls.
DATA ANALYSIS AND DISCUSSION
The telephone survey had two sections, the first collecting responses prior to any mention of the variable pricing program, and the second asking questions after mention of the program, but not necessarily in the context of variable pricing. Data from responses obtained prior to any mention of the variable pricing program were examined and compared with responses obtained subsequent to discussion or questions about the program.
The chi-squared test and Kruskal-Wallis test were used for analysis of differences between nonordinal and ordinal data, respectively. These tests are used to determine whether significant differences exist between groupings of respondents given a certain characteristic. Tests in this study are conducted at a 95 percent level of significance (confidence level). All significance tests are valid in isolation. At this level of statistical analysis, however, the conclusion cannot be made that any or all of these factors are predictors of variable pricing participation. Aggregation of any of the results is statistically invalid, although further joint tests may derive robust predictors of variable pricing program participation. Of the 400 survey respondents, 87 percent had some prior knowledge of the variable pricing program. Commuters, classified by statement of primary trip purpose, comprise almost 40 percent of respondents, and over 96 percent of that group was aware of the variable pricing program. Of the 400 respondents, 207 (52 percent) do not have a transponder and 54 (13 percent) have a transponder without a PrePay account. These people are not eligible for the variable pricing toll discounts. The remaining 139 (35 percent) have both a transponder and LeeWay PrePay account, making them eligible for the variable pricing toll discounts (Figure 2 ).
EFFECTS OF VARIABLE PRICING TOLL DISCOUNTS
The survey was designed to elicit an estimate of the true level of participation in the variable pricing program. Initially, statements of changes in travel behavior were obtained prior to any mention of the variable pricing program to the respondent. Effectively, the survey was looking for unbiased, unprejudiced responses nominating the variable pricing program as the reason for travel behavior changes. The purpose of this methodology was to elicit a minimum (or conservative) estimate of the true influence of variable pricing on travel behavior. This is in contrast to the analysis later in the survey, whereby following a series of travel behavior questions, respondents were asked if they had heard of the variable pricing program. Those who had heard of it were then asked if they had changed any of their travel behaviors because of the variable pricing program. Left open to the respondent was to state what, if any, travel behavior he or she had changed. This question was designed to provide a maximum estimate of behavioral changes in response to the introduction of variable pricing. Of the 349 respondents (87.25 percent of total) who stated they had earlier knowledge of the variable pricing program, 41 stated they had changed something of their travel behavior because of the variable pricing program. This represents 29.5 percent of eligible users and 21.25 percent of transponder users. Results of this question are shown in Table 1 , and represent a maximum estimate of the true change in travel behavior that can be attributed to the variable pricing program. When asked for a reason for changing their travel behavior due to variable pricing, over 73 percent stated saving money as their primary reason (Figure 3) .
A general approximation of what a 9.5 percent change represents in traffic-flow terms can be determined by applying this estimate of change to the average number of daily peak period toll-bridge crossings. For the period August 1998 through December 1998, a daily average of 28,500 vehicles crossed both the Cape Coral and Midpoint bridges in the periods from 7:00 a.m. to 9:00 a.m. and from 4:00 p.m. to 6:30 p.m. each weekday. A 9.5 percent reduction in this traffic flow represents a shift of over 2,700 vehicles out of the peak traffic periods.
A minimum estimate of the true level of participation in variable pricing can be obtained from responses to travel behavior questions provided before any mention of the variable pricing program. Respondents were sorted into those eligible and those not eligible for toll discounts. Of those eligible for discounted tolls, 13.7 percent stated they had changed their regular travel times since August 1, 1998. Of those that had made a change in their typical travel times, 15.7 percent stated that variable pricing was the reason for the change. Overall, this is a conservative estimate that 2.2 percent of eligible users made changes in their typical travel times due to variable pricing. Applied to the approximately 25,000 eligible users in the program, this represents a daily shift of 570 vehicles out of the peak traffic periods.
The toll discounts are offered at the times at each side of the typical peak travel periods. Given that travel in these shoulder periods has now become relatively less expensive, it could be expected that additional trips might be made across the tolled bridges that would otherwise have not been made. To determine the level of trips induced by the toll discounts, respondents were asked if they had changed the frequency of trips across any of the bridges since August 1, 1998. Of interest again are those respondents eligible for variable pricing discounts. The phone survey found that of the 139 eligible respondents, 36 increased their trip frequency since August 1, 1998, and, of those, 3 increased because of variable pricing. For those who gave variable pricing as their reason for trip frequency change, they collectively took on average an additional nine trips per week.
Given the assumption that these respondents are representative of the all Lee County bridge users, these nine extra trips by 2.2 percent of eligible users represent an additional 330 trips per week by all eligible users. Information is not available to determine the discount periods in which these eligible users traveled. However, this result can be compared with other project data available that show an extra 151 trips per day are being made by eligible users. From these findings, it appears that even the conservative estimate of trips induced by variable pricing (an extra 330 trips per day) overstate the true changes that have been observed.
Another potentially adverse effect of lowered tolls was that drivers who previously carpooled would now drive on their own. Such behavior would add vehicles to the discount periods without a corresponding reduction of traffic in peak periods. Respondents were asked if they had changed their typical mode of travel across the bridges since August 1, 1998. The phone survey found that of the 139 eligible respondents, four changed their mode of travel since August 1, 1998, and, of those, two changed mode because of variable pricing. For those who gave variable pricing as their reason for mode change, one changed from a single-occupant automobile to a dual-occupant automobile, and the other changed from a single-occupancy automobile to a motorcycle. Accordingly, findings from this study imply that discounted tolls did not cause a reduction in car pools or create a significant level of induced travel.
PERCEPTIONS OF INEQUITY
On the two toll bridges, tolls can be paid either electronically or with cash. For electronic payment, a transponder and PrePay account are required. Initially, transponders were distributed free of charge; however, since May 1998, a $40 deposit has been required. Additionally, an amount of $40 is required to set up a credit balance in a LeeWay PrePay account. Credit balances can be automatically replenished if linked to a credit card. A transponder without a PrePay account (a situation possible because of the unique circumstances of the previous toll collection system) is not eligible for variable toll discounts. Given the fact that the variable pricing discounts are only available to drivers with transponders that maintain credit balances on PrePay accounts, it can be expected that some perceptions of inequity may develop about the program.
All respondents were asked a series of questions designed to reveal their perceptions and impressions of the variable pricing program. The respondents were divided into two groups, those who knew of or had previous knowledge of the program (349 respondents) and those who had not heard of the program (51 respondents). Respondents were asked their impressions of the program in achieving its purpose of reducing congestion in peak travel times. Responses ranged from Very Favorable (given a numerical value of 1) through to Very Unfavorable (given a numerical value of 5). Respondents were then provided with the additional information (or reminded) that a LeeWay Prepay account was required to participate in the discounted toll feature of the program, an aspect that could be interpreted as exclusionary and could raise equity issues. Changes in respondents' opinions of the program were then recorded in the light of this additional information. Table 2 presents the means of the ranked ratings within each group by respondent's income level. A lower mean rating indicates a more favorable impression of the program; a higher mean rating indicates less favorable impressions. The Mann-Whitney test was performed on the raw data to determine if differences exist between the two impressions of the program in each income group.
As for those people with previous knowledge of variable pricing, their impression of the program generally decreased when they were reminded of the need for a PrePay account. However, none of these changes was statistically significant. During examination of those people who did not previously know about the variable pricing program, three of the income categories reported no change in opinion. The other two income categories experienced decreases, but not statistically significant decreases. Therefore, the restriction that participants are required to have a LeeWay PrePay account cannot be inferred to be a significant factor in the overall rating of the variable pricing program and is therefore not likely to be seen as an inequity.
SOCIOECONOMIC CHARACTERISTICS
The survey collected socioeconomic data on each of the respondents to determine if any significant differences existed across groups as determined by a number of criteria. Eligible users (those with both a transponder and PrePay account) were compared with ineligible users (those with neither a transponder nor a PrePay account or those with a transponder only). Within the eligible user group, those stating they had made changes to their travel behavior due to variable pricing were compared with those who stated that they had not made any changes. Those stating they predominantly use the free (nontoll) bridges were compared with those stating that they predominantly use the toll bridges (those bridges on which variable pricing is implemented).
Analysis for a difference in group responses was conducted using either a chi-squared test or a Kruskal-Wallis ANOVA. The chisquared test is used for ordinal data and compares the shapes of the two data distributions. The Kruskal-Wallis ANOVA test examines the raw data by rank and is used for nominal data.
When the eligible user group (the 139 respondents with both a transponder and PrePay account) was compared with the ineligible user group, differences were found only in education levels, with eligible users having a higher mean number of years schooling. No other differences were found.
Differences were also found between eligible users who did participate and those who did not participate in the variable pricing program. As previously detailed, two methods of classifying participation in the variable pricing program exist, one method providing a minimum conservative estimate and the other a maximum estimate of the level of participation in the variable pricing program. Respondents stating a change in any of their travel behavior because of variable pricing provide a maximum estimate of participation. Using this maximum estimate of change, researchers analyzed the characteristics of eligible users in groups according to whether they stated they did or did not change any of their travel behaviors because of variable pricing (see Table 3 ). Statistically significant differences were found in employment type and household type. Those stating that their travel behavior changed due to variable pricing were more likely to be working part time or retired. Additionally, those stating they would change their travel behavior because of variable pricing were more likely to be living in households categorized as unrelated adults or single-parent families.
The existence of a toll could also be a predeterminant of variable pricing participation, given that drivers have a choice of tolled and nontolled bridges. All survey respondents were prescreened to be users of at least one of the bridges a minimum of three times a week. To differentiate free-bridge users from toll-bridge users, respondents were grouped according to the number of weekly crossings per bridge type. Those who collectively used the free bridges more than the toll bridges were classified as free-bridge users. Tollbridge users were classified using the complementary criteria. Of the 159 respondents stating that commuting was their primary trip purpose, 66 were classified as predominantly free-bridge users and 72 were classified as predominantly toll-bridge users. Those who used both bridge types equally (21 respondents) could not be classified as either predominantly free-bridge or predominantly toll-bridge users.
Survey results indicate that, overall, toll-bridge users are older than free-bridge users (Table 4) . However, the probability of accepting the null hypothesis (the ages are the same for the two groups) was 0.05 and was therefore only just significant. Accordingly, caution should be used when inferring that perhaps there is a true difference in age levels between toll-and free-bridge users. Also, a statistically significant higher percentage of males used the free bridges.
Further caution should be applied to this set of findings. A specific demographic analysis of the neighborhoods adjacent to the two bridge types would be required to determine if these differences are a factor of existing demographic and socioeconomic characteristics. The survey did collect respondents' zip codes, and these were analyzed for differences using similar methodology. No differences were found across zip code groupings, although the analysis did not allow for differences within the zip code boundaries, nor did it allow for the spread between the two bridge types of the numerous zip code boundaries.
TRIP AND WORKPLACE CHARACTERISTICS
Using the broader maximum estimate to classify those who have changed their travel behavior because of variable pricing found significant differences in trip purpose (Table 5) . (Trip purposes are significantly different between groups; however, trip purpose may or may not be a predictor of variable pricing participation). Results from the survey indicate that nonvariable pricing users appear to be more oriented to commuter trips across the bridges. Variable pricing users appear to be more oriented towards shopping trips. Trip length does not appear to be different between participants and nonparticipants in variable pricing. Respondents were also asked if their place of work offered flexible working hours (flextime) ( Table 6 ). The phone survey found that of the 139 eligible users, 32 were employed by firms that offered flextime and 18 participated in the flextime program. Respondents were asked to nominate their primary reason for their participation in flextime hours, and those responses were grouped into categories as shown in Table 7 . Nearly 30 percent of those participating gave variable pricing as their main reason for participation.
CONCLUSIONS
The survey found that the true participation level in the variable pricing program lies in the range of 2.25 to 9.25 percent of the survey respondents. Seventy-three percent of those participating in variable pricing stated that they did so primarily to save money. These results are consistent with the results of other monitoring studies on the Lee County variable pricing program.
Perceptions of inequity do not appear to have been a significant factor with the program. Any aversion to the LeeWay PrePay account requirement for eligibility for discounted tolls may be as much an inconvenience factor as an unfairness issue. All respondents generally had a favorable opinion of the variable pricing program itself. If specifically reminded of the PrePay account restriction for variable pricing toll discount eligibility, respondents did not significantly change their impressions of the program. Accordingly, the inference can be made that potential inequity issues surrounding the requirement to have a PrePay account are not a concern.
Awareness of electronic toll collection (LeeWay) and the variable pricing program was very high across all respondent groupings. Eighty-seven percent of all respondents knew of the variable pricing program, and 96 percent of commuters were aware of the program. Participants and nonparticipants in the variable pricing program are significantly different in both employment type and household type. Of the 193 LeeWay customers in the survey, those stating that they do participate in variable pricing appear less likely to be employed Commuters were classified as such by their stated primary trip purpose. The two significant differences found between free-bridge commuters and toll-bridge commuters were that toll-bridge commuters were, overall, significantly older and were more often female. Because of geographic layout of the region and the location of the bridges, this difference may be as much a factor of existing sociodemographic conditions as it is of any predisposition to use a tolled or nontolled bridge. Statistically significant differences were also found in the primary trip purposes of participants and nonparticipants. Those commuting or on work-related travel appear less likely to participate in the program. The inference can be made that those with flexibility in their travel plans can and do change their travel to take advantage of the variably-priced tolls. For those with more structured or inflexible travel plans, the variable pricing tolls do not appear to affect travel behavior at their current level. The survey was unable to determine the price elasticity of demand for peak period travel and therefore could not determine whether alternative toll structures and discounts may affect travel behavior differently. Typical trip length was found to be no different between variable pricing users and nonusers. In situations in which employers offered flextime, almost 30 percent of those stating they worked flexible hours said they did so because of the variable pricing program. 
